We obtained high-resolution extreme-ultraviolet (EUV) spectra of solar active regions, quiet-Sun areas, and off-limb areas during 1991 May 7 and 1993 August 17 flights of NASA/Goddard Space FUght Center's Solar EUV Rocket Telescope and Spectrograph (SERTS). The 1991 flight was the first time a multilayer coated diffraction grating was ever used in space. Emission fines from the eight ionization stages of iron between Fe +9 (Fe x) and Fe + 16 (Fe xvn) were observed. Values of numerous density-and temperature-insensitive fine intensity ratios agree with their corresponding theoretical values.
INTRODUCTION
Reliable measurements of quantities such as density, temperature, emission measure, and magnetic fields in solar coronal structures are essential for understanding those structures and the processes occurring in them. Such processes include coronal heating, the origin of the solar wind, flare energy storage, and active region evolution. Typical solar structures are characterized by ranges in parameter values, e.g., high-and low-density plasmas may be intermixed, and the temperature and magnetic field strength vary with height as well as with position across the disk. In general, the more extensively one samples the range of 1 Also Hughes STX Corporation, 4400 Forbes Boulevard, Lanham, MD 20706.
2 Died unexpectedly on 1996 January 22. Her friends and colleagues miss her deeply.
parameter values, the more completely one can understand the observed structures.
Well-determined values of the plasma temperature and emission measure are necessary, for example, in order to derive the coronal magnetic field from observations of the microwave emission (e.g., Brosius et al. 1993 , Schmelz et al. 1994 , and references therein; Gary & Hurford 1994) . During the Solar Maximum Mission era, coronal temperatures were obtained from X-ray polychromator observations by comparing measured intensity ratios of emission fines originating in ions of different elements with their corresponding temperature-dependent theoretical response functions. This technique worked reasonably well (e.g., Brosius et al. 1992; Schmelz et al. 1992 Schmelz et al. , 1994 Nitta et al. 1991; Saba & Strong 1991) , but it can be hampered by uncertainties in the coronal elemental abundances (Falconer 1994; Meyer 1993 Feldman 1992) . This problem is eliminated by using emission lines from different stages of ionization of the same element and is one topic of the present study. More recently, coronal temperatures have been obtained from the Soft X-ray Telescope (SXT) aboard the Yohkoh spacecraft by comparing the ratios of broadband coronal emission, viewed through pairs of filters, with their corresponding temperature-dependent theoretical response functions. The SXT is well known to be particularly sensitive to relatively hot plasma (see, e.g., Fig. 9 in Tsuneta et al. 1991 ) and consistently yields temperatures in excess of 4 x 10 6 K. Taken by themselves, such observations may be misleading because they are biased toward the higher values for an isothermal approximation. However, when combined with coordinated multi-wave band observations sensitive to lower temperatures (e.g., Klimchuk & Gary 1995; Aschwanden et al. 1995) , they provide wider coverage of parameter space.
In the present study, we describe methods of deriving coronal temperature, density, filling factor, and the differential emission measure from EUV spectra covering the wavelength range from 280 to 420 À Earher solar observations in this wavelength range, obtained with the Harvard scanning spectrometer on OSO 6 (Dupree et al. 1973) , the EUV and X-ray Spectrohehograph on OSO 7 (Neupert, Thomas, & Chapman 1974) , and the EUV spectrometerspectrohehometer on Skylab (Vemazza & Reeves 1978) , had such coarse spectral resolution (;$0.8 Â) that it precluded accurate determinations of coronal plasma properties from line ratio measurements in most cases. However, their spatial resolution was adequate to separate active from quiet-Sun areas and enabled them to suggest that temperatures at least as high as 2.5 x 10 6 K occur in quiet-Sun areas (Vemazza & Reeves 1978) and to find that the higher the temperature of line formation, the greater the enhancement of active region compared to quiet-Sun intensity (Dupree et al. 1973) . Behring et al. (1976) obtained spectra with 0.06 Â spectral resolution which have proven very useful for providing fine identifications at EUV wavelengths. However, those spectra were acquired from fullSun observations, and so they provide no information about distinct features on the Sun. Furthermore, the relative fine intensities were calibrated only approximately, rendering line intensity ratio measurements inaccurate. Observations obtained with the Naval Research Laboratory (NRL) slitless spectrograph on Skylab (Tousey et al. 1977) provided high spatial (~2") and spectral (~0.1 À) resolution images in the 171-630 Á wave band but were limited by the overlap of images from nearby spectral fines. They provided excellent diagnostic capabilities for small, intense sources like flares (e.g., Dere 1978; Dere et al. 1979) but were less than ideal for quiet-Sun areas and quiescent active regions. Thus, to date, the observations described in the present work represent the best-suited EUV observations for diagnosing coronal plasma conditions in general.
We obtained spectra of NOAA active region 7563 and of quiet-Sun areas on 1993 August 17, and of NOAA region 6615, quiet-Sun areas, and off-limb areas on 1991 May 7 with NASA/Goddard Space Flight Center's Solar EUV Rocket Telescope and Spectrograph (SERTS). Emission lines formed at temperatures ranging from 1 x 10 5 K (He n) to 5 x 10 6 K (Fe xvn) are available, providing extensive temperature coverage. Furthermore, numerous densitysensitive fine pairs are also available, enabling the direct measurement of plasma density. Since the Coronal Diagnostic Spectrometer (CDS) on the SOHO spacecraft will be capable of observing the Sun in many of the emission fines considered here, the analysis techniques described below are applicable to SOHO/CDS observations. Section 2 describes the SERTS observations, § 3 discusses the spectra and corresponding lists of fine intensities, § 4 presents methods of deriving coronal plasma properties, and § 5 summarizes our conclusions.
SERTS OBSERVATIONS
SERTS was flown successfully in 1989 (Thomas & Neupert 1994 ) and earlier. A detailed description of the instrument is given by Neupert et al. (1992b) . The version of SERTS flown in 1991 and 1993 incorporates a grazing incidence Wolter 2 telescope to form a real image of the Sun on the entrance aperture of a quasi-stigmatic spectrograph. The entrance aperture allows only a selected portion of the solar image to pass through to a multilayer-coated toroidal grating, which ultimately reimages it simultaneously in each dispersed wavelength on EUV-sensitive photographic film. The spectrograph entrance aperture was designed so that both spectra and spectrohefiograms can be obtained simultaneously : spectra are obtained along a narrow 4'.9 long slit connecting two rectangular lobes within which the spectroheliograms are imaged. The upper lobe covers a 4Ï8 x 8Í2 area on the Sun, and the lower one covers a 4Í8 x 7Ï6 area. The spatial resolution is about 5", and the measured instrumental FWHM (although somewhat variable in a wellknown way with postion along the slit) is typically about 55 mÁ. By adjusting the pointing of the instrument during its flight, both images and spectra can be obtained for the same portion of the Sun.
SERTS was launched on a Terrier-boosted Black Brant rocket from White Sands, New Mexico, at 1805 UT on 1991 May 7 and at 1800 UT on 1993 August 17. It reached a maximum altitude of about 320 km during both flights and acquired spectrographic data between 100 and 492 s afterlaunch. The 1991 flight was the first of a multilayer-coated diffraction grating (Davila et al.1993 ; Keski-Kuha, Thomas, & Davila 1992) . This multilayer coating enhanced the instrumental sensitivity over that of the gold coated grating (which was flown in 1989) for a range of wavelengths around 300 Â (Thomas et al. 1991) . The same instrument was flown on both occasions, and it performed well, obtaining spectra and spectrohefiograms from 235 to 450 À During each flight, we obtained four different exposures in each of two different pointing positions. This ensured the availability of optimally exposed spectral fines and spectrohefiograms for both strong and weak spectral features and provided the information needed to determine the film density versus log energy (D-log E) relation . The data were recorded on Eastman Kodak 101-07 EUV-sensitive photographic film, and the highresolution spectral portion was digitized as 20,000 x 64 arrays with a Perkin-Elmer microdensitometer. Following Thomas & Neupert (1994) , corrections for the effects of atmospheric extinction at rocket altitudes were made for each exposure and incorporated into our calculations of the film response and overall instrumental sensitivity. The derivation of the relative photometric calibration used in the present work relied heavily on the spectroscopic method ; described by Neupert & Kastner (1983) . Relative line inteng sities are accurate to within 20% over the 280-420 Â wave-^ length range. The measured line intensities were placed w onto an absolute scale such that the sum / sum of the He n § A303.8 and Si xi >1303.3 quiet-Sun intensities agrees with the S results of Mango et al. (1978) , in which 7 sum is 7115 ergs 2 cm~2s _1 sr _1 at disk center and brightens by about 30% toward the limb. The absolute photometric scale set in this way is estimated to be accurate to better than a factor of 2.
In this paper, we concentrate only on the spectral data, obtained with the slit portion of the entrance aperture. We present three spectra from the 1991 flight and two from 1993. In each case, the spectra were averaged along the portion of the slit that passed through a designated feature on the Sun. For the 1991 flight, an active region spectrum was obtained from the 159" portion of the slit that grazed AR 6615 (S10W30), a quiet-Sun spectrum was obtained from a 132" portion of the slit close to the limb, and an off-limb spectrum was obtained from a 53" portion of the slit above the limb. The 1991 active region spectrum was obtained in the second pointing position, and the quiet-Sun and off-limb spectra were obtained in the first. For the 1993 flight, an active region spectrum was obtained from the 163" portion of the slit that bisected AR 7563 (S01W15), and the quiet-Sun spectrum was obtained from the entire length of the slit (282") that passed through quiet-Sun areas. The 1993 active region spectrum was obtained in the first pointing position, and the quiet-Sun spectrum was obtained in the second.
3. SPECTRA
The following procedure was used to obtain the spectra and line lists given in this paper. After the obvious plate flaws (roughly 1 in 10 4 pixels) were removed from each 20,000 x 64 spectral data array, the data were averaged along appropriate portions of the slit to obtain spectra from the five distinct solar features described above. Each averaged spectrum was found to display a background level (due to film fog, scattered fight, and actual solar continuum) that varies with wavelength. The background was determined for each spectrum by fitting every emission-fine candidate with a Gaussian profile superimposed on a quadratic substrate and replacing the fine candidates with their respective local substrate values. After every significant emission-fine candidate was removed, all that remained of the original spectrum was taken to be its background. This background was then smoothed and subtracted from the original spectrum to obtain the final emission fine spectrum.
Figures 1 and 2 show active region and quiet-Sun spectra from the 1993 flight, and Figures 3-5 show active region, quiet-Sun, and off-limb spectra from the 1991 flight. In each case, the horizontal scale is the wavelength in units of Â, and the vertical scale is the spectral intensity in units of ergs cm -2 s -1 sr -1 Á -1 . Note that different vertical scales are employed for the quiet-Sun spectra than for the active region and off-limb spectra. Each plotted spectrum has been smoothed for clarity. The 1993 active region spectrum shown in Figure 1 was obtained from a 99.4 s exposure. The emission fines of He n at 303.8 Á and Fe xvi at 335.4 Â are saturated in this spectrum (i.e., their respective film densities lie outside the linear portion of the film's D-log E relation), but they are well exposed in a 20. (mÂ)  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 ± 1.67e+02 ± 6.51e+02 ± 3.59e-f01 ± 2.16e+01 ± 2.87e+01 ± 2.37e+01 ± 4.10e+01 ± 3.26e+02 ± 3.77e+03 ± 2.39e+01 ± 1.14e+01 ± 7.85e+00 ± 1.65e+01 ± 9.02e+00 ± 9.13e+00 ± 1.05e+01 ± 1.02e+01 ± 2.70e+01 ± 1.74e+01 ± 1.02e+01 ± 1.26e+01 ± 8.206+00 ± 1.84e+01 ± 6.59e+00 ± 1.98e+01 ± 5.52e+00 ± 3.64e+00 ± 6.64e+00 ± 7.32e+00 ± 1.27e+01 ± 7.29e+01 ± 4.70e+02 ± 1.13e+01 ± 8.48e+00 ± 9.23e+00 ± 6.25e+00 ± 1.55e+01 ± 1.27e+01 ± 1.40e+01 ± 3.26e+01 ± 3.73e+00 ± 2.43e+01 ± 1.51e+01 ± 2.32e+01 ± 6.43e+00 ± 2.21e+01 ± 2.02e+01 ± 3.29e+01 ± 3.00e+01 ± 8.38e+00 ± l.lle+01 ± 5.29e+00 ± 1.97e+01 ± 5.81e+00 ± 2.32e+02 ± 5.56e+00 ± 2.95e+01 ± l.lle+01 ± l.lle+01 ± 1.10e+02 ± 1.32e+01 ± 1.23e+01 ± 1.04e+01 ± 2.95e+01 ± 1.28e+01
<2.61e+01 5.00e+01 ± 8.39e+00 7.29e+01 ± 2.18e+01 <2.73e+01 8.26e+01 ± 1.97e+01 <2.16e+01 1.29e+02 ± 1.44e+01 5.95e+01 ± 7.74e+00 5.27e+01 ± 8.18e+00 7.05e+01 ± 1.23e+01 <4.71e+01 <2.94e+01 4.10e+01 ± 1.35e+01 3.17e+01 ± 2.14e+01 3.09e+01 ± 2.46e+01 4.12e+01 ± 1.33e+01 3.91e+01 ± 1.60e+01 5.75e+01 ± 8.15e+00 6.77e+01 ± 1.17e+01 7.02e+01 ± 1.44e+01 5.14e+01 ± 1.14e+01 6.98e+01 ± 1.20e+01 5.52e+01 ± 9.07e+00 5.29e+01 ± 1.08e+01 4.30e+01 ± 9.62e+00 3.03e+01 ± 1.82e+01 <3.22e+01 5.46e+01 ± 9.39e+00 6.05e+01 ± 9.05e+00 7.57e+01 ± 7.96e+00 4.85e+01 ± 8.59e+00 4.52e+01 ± 9.15e+00 5.62e+01 ± 8.75e+00 8.83e+01 ± 9.60e+00 6.26e+01 ± 9.27e+00 4.71e+01 ± 1.13e+01 6.73e+01 ± 8.73e+00 4.91e+01 ± 9.13e+00 6.59e+01 ± 8.33e+00 6.77e+01 ± 7.50e+00 <4.83e+01 5.13e+01 ± 8.56e+00 1.83e+02 ± 2.66e+01 7.71e+01 ± 7.75e+00 5.70e+01 ± 3.13e+01 4.94e+01 ± 8.79e+00 5.66e+01 ± 8.05e+00 5.67e+01 ± 7.89e+00 7.64e+01 ± 7.76e+00 4.10e+01 ± 3.79e+01 9.99e+01 ± 1.62e+01 5.84e+01 ± 1.77e+01 5.07e+01 ± 8.60e+00 5.37e+01 ± 1.08e+01 5.20e+01 ± 8.32e+00 3.39e+01 ± 1.94e+01 6.60e+01 ± 7.62e+00 1.88e+02 ± 2.31e+01 6.92e+01 ± 1.87e+01 9.99e+01 ± 7.92e+00 1.02e+02 ± 2.02e+01 4.80e+01 ± 1.79e+01 8.94e+01 ± 1.79e+01 6.88e+01 ± 8.36e+00 7.24e+01 ± 1.51e+01
Note-Line 10 is blended with an Fe xv line, and lines 12 and 22 are blended with Ni xv lines.
but it is well exposed in a 40.3 s exposure. The 1991 active region spectrum shown in Figure 3 Lists of emission-hne candidate wavelengths were obtained by searching the unsmoothed, backgroundcorrected spectra for features in which the peak intensity exceeded 3 times the standard deviation of the local background noise. A few weaker candidates known to correspond to previously observed emission lines were also selected, but no attempt was made to compile as extensive a list as that given by Thomas & Neupert (1994) . Each identi- 1.42e-f 01 6.46e-f00 6.13e+00 1.31e-f01 1.78e+01 7.34e+00 1.26e+01 1.79e-f 01 4.39e+01 2.55e-F01 1.27e+01 6.09e-f00 3.66e-f-00 3.52e+01 2.45e+01 8.64e+00 5.13e-f 00 1.23e-f01 2.59e-f-01 7.91e-|-01 1.63e-|-02 1.36e-(-01 6.88e-|-00 1.34e+01 1.41e-f-01 7.35e+00 3.02e-f01 2.55e+01 2.23e-f01 8.09e-F01 5.50e-f01 1.83e-f01 4.68e-f01 4.57e-|-01 4.81e-f-01 2.64e+01 5.40e-f 01 2.51e-|-00 1.07e-f01 6.12e-f 00 2.84e+01 1.18e+01 7.726+01 6.03e+01 8.40e+00 1.82e+02 1.32e+01 6.60e+00 7.18e+00 1.21e+01 1.30e+01 ± 2.63e+01 ± 5.68e+01 ± 8.01e+00 ± 5.64e+00 ± 5.16e+01 ± 7.78e+02 i 4.14e+00 ± 1.50e+00 ± 9.10e-01 + 3.02e+00 ± 2.99e+00 + 3.67e+00 ± 2.10e+00 + 2.36e+00 ± 5.23e+00 ± 3.56e+00 ± 1.89e+00 ± 1.16e+00 ± 1.44e+00 ± 4.27e+00 ± 2.85e+00 ± 1.46e+00 ± 1.09e+00 ± 1.48e+00 ± 2.97e+00 ± 8.97e+00 ± 1.85e+01 ± 1.72e+00 + 1.21e+00 + 1.70e+00 ± 2.40e+00 ± 1.79e+00 ± 3.83e+00 ± 3.10e+00 ± 2.60e+00 ± 9.10e+00 ± 6.25e+00 ± 3.53e+00 ± 5.41e+00 ± 5.23e+00 ± 5.74e+00 ± 3.16e+00 ± 6.34e+00 ± 9.55e-01 ± 1.92e+00 + 1.42e+00 ± 3.56e+00 ± 2.94e+00 ± 8.89e+00 ± 7.01e+00 ± 1.65e+00 ± 2.10e+01 ± 2.88e+00 ± 1.06e+00 ± 2.14e+00 ± 2.85e+00 ± 2.02e+00 <7.43e+00 5.22e+01 ± 8.29e+00 1.08e+02 ± 2.67e+01 4.66e+01 ± 1.32e+01 6.93e+01 ± 7.35e+00 7.37e+01 ± 7.15e+00 6.78e+01 + 2.41e+01 <2.63e+01 6.22e+01 ± 1.16e+01 3.61e+01 + 2.10e+01 2.90e+01 + 1.78e+01 7.21e+01 ± 5.31e+01 <3.01e+01 6.70e+01 ± 9.41e+00 7.25e+01 ± 7.97e+00 7.29e+01 ± 1.02e+01 9.99e+01 ± 1.21e+01 3.52e+01 ± 1.77e+01 <2.14e+01 6.08e+01 ± 8.50e+00 7.15e+01 + 7.64e+00 6.97e+01 ± 1.31e+01 8.47e+01 ± 1.79e+01 7.62e+01 ± 8.09e+00 7.89e+01 ± 7.44e+00 5.97e+01 ± 7.74e+00 6.31e+01 ± 7.59e+00 5.73e+01 ± 9.19e+00 6.59e+01 ± 1.36e+01 4.88e+01 ± 9.81e+00 6.70e+01 ± 1.31e+01 <4.38e+01 6.49e+01 ± 8.92e+00 5.36e+01 ± 8.93e+00 4.98e+01 ± 8.80e+00 6.83e+01 ± 7.30e+00 6.12e+01 ± 7.68e+00 1.43e+02 ± 2.22e+01 8.01e+01 ± 7.52e+00 4.97e+01 ± 8.60e+00 6.35e+01 ± 8.21e+00 6.01e+01 ± 8.36e+00 7.89e+01 ± 7.74e+00 <2.35e+01 8.23e+01 ± 1.45e+01 <3.77e+01 6.97e+01 ± 8.69e+00 8.21e+01 ± 2.12e+01 8.59e+01 ± 7.48e+00 6.91e+01 ± 7.70e+00 9.64e+01 ± 1.72e+01 8.71e+01 ± 7.60e+00 1.14e+02 + 2.20e+01 9.18e+01 ± 1.47e+01 7.41e+01 ± 2.38e+01 1.19e+02 ± 2.38e+01 4.97e+01 ± 1.23e+01
Note.-Line 7 is blended with an Fe xv line, and lines 10 and 19 are blended with Ni xv lines. fied line candidate in the unsmoothed, backgroundcorrected spectra was then fitted to a Gaussian profile superimposed on a zero-valued local background. The resulting individual Gaussian profiles were examined visually and either accepted as real spectral fines or discarded as noise, depending upon the measured fine width and overall quality of the fit. Since the instrumental width (full width at half-maximum) is 55 mÂ in the active region and quiet-Sun spectra and 49 mÂ in the limb spectrum, fine candidates narrower than this were omitted. The remaining candidates were accepted as real solar emission fines. Lists of the lines extracted in this way from each of the five averaged solar spectra are given in Tables 1-5 .
Each table provides the identification (after Thomas & Neupert 1994 ) of the ion responsible for the emission observed at each wavelength (in units of Â). Each table also provides the integrated intensity and its associated uncertainty (both in units of ergs cm -2 s -1 sr -1 ) and the intrinsic line width (FWHM, instrumental width removed) and its associated uncertainty (both in units of mÂ). The wavelengths, intensities, widths, and uncertainties were all calculated from the Gaussian profile fit parameters, and their formal standard deviations, by methods similar to those described by Thomas & Neupert (1994) . Wavelengths were determined by inserting the pixel coordinates of the centroids of the fitted Gaussians into a wavelength conversion 150 BROSIUS ET AL. Yol. 106 6.34e-|-01 2.59e+02 2.29e+01 3.55e+01 4.18e+01 1.09e+02 6.60e+01 ± 1.01e+02 ± 4.43e+02 ± 2.52e+01 ± 1.43e+01 ± 2.83e-b01 ± 2.13e+01 ± 1.05e+02 ± 1.93e+03 ± 1.31e+01 ± 7.45e+00 ± 6.97e+00 ± 5.54e+00 ± 1.06e+01 ± 9.22e+00 ± 5.06e+00 ± 4.21e+00 ± 6.01e+00 ± 4.69e+00 ± 1.17e+01 ± 7.55e+00 ± 4.58e+00 ± 3.91e+00 ± 5.32e+00 ± 2.45e+01 ± 3.826+02 ± 4.13e+00 ± 3.03e+00 ± 3.35e+00 ± 4.18e+00 ± 2.66e+00 ± 5.09e+00 ± 4.05e+00 ± 5.19e+00 ± 9.40e+00 ± 3.63e+00 ± 8.15e+00 ± 7.07e+00 ± 6.03e+00 ± 6.42e+00 ± 7.476+00 ± 5.54e+00 ± 1.55e+01 ± 6.94e+00 ± 4.71e+00 ± 2.91e+00 ± 6.17e+00 ± 1.91e+02 ± 8.81e+00 ± 3.18e+01 ± 5.48e+00 ± 7.43e+00 ± 7.39e+00 ± 1.34e+01 ± 9.39e+00 5.99e+01 ± 1.19e+01 5.71e+01 ± 7.77e+00 6.75e+01 ± 2.29e+01 <6.05e+01 6.27e+01 ± 8.60e+00 1.73e+02 ± 2.70e+01 7.06e+01 ± 7.25e+00 7.15e+01 ± 7.29e+00 6.40e+01 ± 1.22e+01 6.19e+01 ± 1.59e+01 4.52e+01 ± 1.58e+01 <1.52e+01 4.98e+01 ± 1.02e+01 1.41e+02 ± 2.40e+01 6.30e+01 ± 1.53e+01 4.88e+01 ± 1.20e+01 9.99e+01 ± 1.85e+01 <2.82e+01 5.32e+01 ± 8.97e+00 4.43e+01 ± 1.12e+01 5.23e+01 ± 9.79e+00 6.14e+01 ± 1.05e+01 6.75e+01 ± 8.73e+00 5.10e+01 ± 8.29e+00 6.55e+01 ± 7.45e+00 8.09e+01 ± 8.91e+00 6.30e+01 ± 1.54e+01 5.74e+01 ± 1.30e+01 7.51e+01 ± 2.73e+01 <4.43e+01 6.14e+01 ± 1.41e+01 5.08e+01 ± 1.14e+01 5.54e+01 ± 1.05e+01 6.49e+01 ± 8.53e+00 6.42e+01 ± 3.42e+01 5.33e+01 ± 1.01e+01 1.41e+02 ± 2.02e+01 4.94e+01 ± 1.04e+01 6.81e+01 ± 1.68e+01 6.07e+01 ± 9.47e+00 <2.86e+01 6.73e+01 ± 7.86e+00 5.77e+01 ± 9.34e+00 6.28e+01 ± 1.93e+01 2.75e+01 ± 2.32e+01 7.75e+01 ± 1.27e+01 6.34e+01 ± 7.47e+00 6.18e+01 ± 1.02e+01 9.87e+01 ± 8.74e+00 4.20e+01 ± 2.05e+01 5.32e+01 ± 1.67e+01 8.94e+01 ± 1.45e+01 7.70e+01 ± 8.42e+00 9.41e+01 ± l.lle+01
Note.-Line 9 is blended with an Fe xv line, and line 17 is blended with a Ni xv line. function, which was derived from laboratory measurements. Uncertainties in the derived wavelengths, not listed in the tables, originate from a variety of sources and are expected to be several tens of mÂ for most lines. The wavelength conversion function itself contributes a large fraction of this uncertainty, but additional errors arise from the following. The centroid of the He n fitted Gaussian in each averaged spectrum was assumed to lie at a wavelength of exactly 303.782 Â, which means that this line was assumed to exhibit no net Doppler shift. Although Doppler shifts due to mass motions were found to produce wavelength shifts in the line of Mg rx at 368.1 Â over a short segment of the SERTS slit during the 1989 flight (Neupert et al. 1992a) , such motions are more likely to contribute to profile broadening in these averaged spectra. Furthermore, the small uncertainty associated with the determination of the location of the He n fine's centroid (typically < 1 mÂ) is propagated to the measured wavelengths of all the other fines. The uncertainties associated with the individual measurements of the centroid locations of all the other lines are typically less than 10 mÂ, the largest values being associated with the weakest, noisiest lines.
The values of the integrated intensity (7) and the measured FWHM (F m ) were obtained from the amplitude (A) and the Gaussian width (W) of each Gaussian profile by
and
No. 1, 1996 SERTS ACTIVE AND QUIET-SUN EUV SPECTRA 151 ± 1.17e+02 ± 1.13e+02 ± 1.37e+01 ± 1.57e+01 ± 1.02e+02 ± 8.69e+02 ± 3.40e+00 ± 8.37e+00 ± 9.45e+00 ± 1.47e+01 ± 1.01e+01 ± 5.49e+00 ± 6.88e+00 ± 1.30e+01 ± 6.25e+00 ± 3.51e+00 ± 8.51e+00 ± 1.52e+01 ± 3.65e+01 ± 7.06e+00 ± 4.79e+00 ± 1.01e+01 ± 7.15e+00 ± 6.26e+00 ± 1.29e+01 ± 1.08e+01 ± 1.06e+01 ± 2.66e+01 ± 1.71e+01 ± 1.46e+01 ± 1.45e+01 ± 1.55e+01 ± 7.90e+00 ± 1.55e+01 ± 7.69e+00 ± 8.03e+00 ± 9.17e+00 ± 7.75e+00 ± 1.82e+01 ± 1.51e+01 ± 4.84e+01 ± 1.25e+01
7.60e+01 ± 2.95e+01 5.66e+01 ± 8.34e+00 <2.14e+01 <3.56e+01 7.31e+01 ± 7.30e+00 9.64e+01 ± 7.17e+00 <3.33e+01 3.54e+01 ± 1.57e+01 5.60e+01 ± 2.50e+01 6.04e+01 ± 9.23e+00 3.39e+01 ± 1.52e+01 <4.47e+01 <3.73e+01 6.28e+01 ± 9.06e+00 5.85e+01 ± 1.35e+01 9.41e+01 ± 1.92e+01 7.37e+01 ± 1.15e+01 6.03e+01 ± 7.85e+00 6.87e+01 ± 7.67e+00 6.57e+01 ± 1.06e+01 <1.24e+01 8.05e+01 ± 1.34e+01 5.88e+01 ± 1.26e+01 <2.22e+01 6.14e+01 ± 1.21e+01 4.25e+01 ± 1.36e+01 3.45e+01 ± 1.60e+01 6.88e+01 ± 8.35e+00 6.47e+01 ± 9.35e+00 6.08e+01 ± 8.35e+00 6.15e+01 ± 9.64e+00 5.82e+01 ± 1.00e+01 3.79e+01 ± 1.98e+01 7.55e+01 ± 9.18e+00 4.43e+01 ± 3.84e+01 <1.20e+01 6.72e+01 ± 1.86e+01 5.39e+01 ± 3.17e+01 7.68e+01 ± 9.38e+00 5.84e+01 ± 9.73e+00 8.71e+01 ± 7.26e+00 7.05e+01 ± 2.29e+01
The associated uncertainties are given by
where u A = 0.1 A and u w = 0.05 VP are estimated uncertainties due to photographic D-log E conversion. The intrinsic FWHM (F h instrumental width F serts removed) and its associated uncertainty are given by 
The value of 0> 8eru is 5.6 mÂ. Most of the Unes Usted in each table were derived from the longest exposures available. However, the intensities of the lines that were saturated in the longest exposure were obtained from the next longest exposure. Numerous emission-hne intensity ratios are either insensitive to or nearly insensitive to the density and temperature of the emitting plasma (see, e.g., Neupert & Kastner 1983) . We list the theoretical and the measured values of such ratios in Table 6 . The theoretical values for the iron and silicon line ratios were obtained from the line emissivity tables given in the appendices to this paper (see Monsignori-Fossi & Landini 1994b , 1995b . The Mg vm ratios were obtained from recent calculations by Bhatia (1995) , and the Ni xvm ratio was adopted from Neupert & Kastner (1983) . Values derived from the active region spectrum obtained during the 1989 flight (Thomas & Neupert 1994 ) are included for comparison. The uncertainties listed for some of the theoretical values are due to the small variations in the intensity ratios with density and/or temperature. It should be pointed out that uncertainties as large as 20%-30% are expected for some of the theoretical line emissivities, which would translate into even larger uncertainties in the theoretical values of the line intensity ratios. Notice, however, that most of the measured line intensity ratios agree with their corresponding theoretical values within or nearly within their tabulated errors. This is illustrated in Figure 6 , in which we plot the observed 1993 intensities relative to normalized theoretical values for all available sets of such insensitive lines. There is a 20% rms scatter, but no large-scale trend. This demonstrates the 1.58e+01 ± 9.15e+00 ± 7.27e+00 ± 1.48e+01 ± 1.35e+01 + 1.02e+01 + 5.42e+00 ± 8.00e+00 ± 1.38e+01 + 5.40e+01 ± 1.82e+02 + 1.65e+01 ± 1.49e+01 ± 1.57e+01 ± 1.83e+01 ± 1.70e+01 ± 2.37e+01 ± 4.58e+01 ± 3.82e+01 ± 2.99e+01 ± 7.71e+00 ± 3.17e+01 ± 2.86e+01 ± 2.44e+01 ± 2.91e+01 ± 1.84e+01 + 1.42e+01 ± 8.23e+01 ± 7.45e+00 ± 3.71e+01 ± 9.62e+00 ± 8.79e+00 ± 8.15e+01 ± 2.61e+01 ± 1.87e+01 ± 3.02e+01 3.62e+01 + 1.23e+01 6.69e+01 + 6.79e+00 6.35e+01 ± 1.07e+01 7.68e+01 ± 6.53e+00 1.15e+02 ± 7.44e+00 2.61e+01 + 2.18e+01 <3.90e+01 <3.80e+01 <2.80e+01 7.64e+01 ± 1.92e+01 4.73e+01 ± 1.18e+01 5.66e+01 ± 1.48e+01 4.87e+01 + 1.18e+01 7.76e+01 ± 1.37e+01 4.55e+01 ± 1.91e+01 6.17e+01 ± 1.08e+01 5.45e+01 ± 9.02e+00 4.73e+01 ± 8.98e+00 4.90e+01 ± 1.65e+01 <4.09e+01 3.25e+01 ± 1.43e+01 6.76e+01 + 7.67e+00 6.16e+01 ± 6.86e+00 6.93e+01 ± 6.65e+00 8.83e+01 ± 1.07e+01 9.40e+01 ± 1.10e+01 1.07e+02 ± 1.25e+01 5.25e+01 ± 8.88e+00 5.01e+01 ± 9.94e+00 5.99e+01 ± 8.58e+00 6.97e+01 ± 6.99e+00 6.36e+01 ± 7.13e+00 8.72e+01 ± 1.08e+01 <4.16e+01 6.15e+01 ± 7.34e+00 7.20e+01 ± 7.24e+00 6.31e+01 ± 8.97e+00 7.01e+01 ± 8.02e+00 3.27e+01 ± 1.35e+01 4.55e+01 ± 3.19e+01 7.93e+01 ± 6.87e+00 3.10e+01 ± 2.00e+01 6.91e+01 + 7.27e+00 <4.32e+01 3.55e+01 ± 2.49e+01 1.08e+02 ± 1.05e+01 <4.15e+01 5.90e+01 ± 1.83e+01 9.29e+01 ± 1.64e+01
Note.-Line 6 is blended with an Fe xv line.
accuracy of the SERTS relative photometric calibration, confirms the general validity of the atomic physics calculations, and indicates the soundness of our background correction and Gaussian fitting techniques. Slightly better agreement between the theoretical and the measured values is obtained for the 1993 than for the 1991 flight, perhaps due to the fact that the 1993 data had fewer plate flaws.
RESULTS
The fists of emission fines that we have derived for solar active regions, quiet-Sun, and off-limb areas are not exhaustive: additional weak fines could certainly be extracted, as well as blended fines separated, for each of the spectra. However, the present fists of predominant emission fines can be used to note similarities and differences among the various solar features, as well as to determine properties of the emitting plasmas. Table 7 . Plus symbols indicate measurements from the 1993 SERTS flight, triangles indicate the 1991 flight, and squares indicate the 1989 flight Lower limits are indicated by dashed arrows pointing to the right including lines from Fe x (log = 6.0) through Fe xvi (6.4), Si vm (5.9) through Si xi (6.2), Mg vm (5.9) and Mg rx (6.0), Cr xm (6.2), A1 x (6.1), and He n (4.7). The temperature logarithm, log T max , is that of maximum line emissivity. Several lines of Ne v (5.5) and Ne vi (5.6) are also found in the active region and quiet-Sun spectra. Two major differences between the active region and the quiet-Sun spectra are noticeable. First, only the active regions show measurable emission from Fe xvn (with log T m " = 6.7). Further, only one of the two Ni xvm (log T m " = 6.5) lines that are seen in the active region spectra is seen in the 1991 quietSun spectrum (the 292 Á line), and neither of the Ni xvm lines is seen in the long duration, whole-slit length quietSun exposure from the 1993 flight. Second, the active region emission-line intensities are more enhanced compared to their quiet-Sun counterparts for higher ionization stages than for lower ones (as in Dupree et al. 1973) . This is true for all available ionization stages of Fe, Si, and Mg.
An interesting facet of the 1991 observations is that the quiet-Sun Fe x through Fe xm intensities are actually greater than their corresponding 1991 active region values. The explanation for this is not immediately apparent, although several possibilities exist. First, although there is definitely no active region anywhere along the slit in the pointing position from which the 1991 quiet-Sun spectrum was derived, the He i 210830 image obtained with the NASA/NSO Spectromagnetograph at Kitt Peak does indeed show somewhat enhanced activity compared to that of the area from which the 1993 quiet-Sun spectrum was derived. Most of the 1991 quiet-Sun line intensities are enhanced over their 1993 quiet-Sun values by factors of 2-3 (some by smaller values), suggesting that the 1991 quiet-Sun represents a more energetic quiet state. However, as described below, most of the temperature-sensitive fine intensity ratios yield equal (within the uncertainties) 1991 and 1993 quiet-Sun temperatures (see Table 11 ), and the derived differential emission measure distributions are also quite similar (see Fig. 9 ). Second, as mentioned above, the 1991 active region spectrum was obtained from a pointing position in which the slit grazed, but did not pass directly through, an active region. Thus, it may simply be that the 1991 active region spectrum, although certainly obtained from an area of enhanced activity, is not fully an active region spectrum. Indeed, the intensities of most of the active region lines observed in 1993 exceed the intensities of the corresponding lines observed in 1991, with the notable exception of the lines of Ni xvm and Fe xvn. It should be pointed out that the Sun was extremely quiet during the 1993 flight, but that flaring activity (GOES classification C2.4) occurred in active region 6615 during the 1991 flight. Note.-Filhng factors were derived under the assumptions that T = and A/ = 1 x 10 9 cm. Numbers in braces give the multiplicative uncertainty due to the range in derived density values. 4.2. Density Diagnostics Densities for the observed solar features were derived from ratios of emission lines that originate in a common ionization stage of iron. One density-sensitive ratio is available for each of Fe xv, xrv, xn, and xi, and all these are listed in Table 7 . Numerous ratios are available for Fe xm, and eight of them are also included in Table 7 . Because theoretical line emissivities are generally more reliable for electron 156 BROSIUS ET AL. Vol. 106 transitions among the lower energy levels (Young & Mason 1995) , the 359.7/348.2 ratio is considered to be the most reliable density diagnostic for Fe xm. Densities were derived by cubic spline interpolation on ratios of the line emissivity values given in Appendix A of this paper (see Monsignori-Fossi & Landini 1994b , 1995b , evaluated at the temperature of maximum line emissivity T max . The temperature at which the interpolation is performed does not significantly affect the derived densities. Figure 7 shows the theoretical density sensitivity curves (at T max ); the measured ratios are indicated on the curves, with different symbols corresponding to measurements obtained during different flights of the instrument. Table 7 lists the values of densities derived for the different solar features observed during the 1993 and 1991 SERTS flights and includes values derived from the 1989 active region spectrum (of Thomas & Neupert 1994) for comparision. The quoted uncertainties are due to intensity measurement uncertainties only and do not include uncertainties associated with the atomic calculations themselves (which could be as high as 20%-30% in some cases). It is worth noting that several fine ratios systematically yield relatively high density values. These include the Fe xn 1338.3/A352.1 ratio and the Fe xm A318.1/2,320.8 ratio. It would be of interest for SOHO/CDS to check this result. (We searched the Kelly [1987] fine list for possible blends with the fines at 338.3 and 318.1 À but found no likely candidates.)
SERTS ACTIVE AND QUIET-SUN EUV SPECTRA
As derived from the Fe xm fines, all three active region spectra (1993, 1991, and 1989) yield comparable ranges in density logarithm:
9.66 ± 0.49, 9.60 ± 0.54, and 9.85 ± 0.41. These are significantly greater than the corresponding 1993 quiet-Sun value of 9.03 ± 0.28. Notice that, with one exception (involving a questionable 1991 quietSun measurement), the active region densities derived from Fe xm exceed the corresponding quiet-Sun densities by factors that range from roughly 2 to 8. Differences found here among the densities derived from the ratios of the Fe xm fines are comparable to the order-of-magnitude (lower to upper limit) uncertainties obtained by Dere et al. (1979) for solar flare densities derived from individual fine ratio measurements. Furthermore, Young, Mason, & Thomas (1994) obtained densities from ratios of numerous Fe xm fines with respect to that of the A348.2 fine using No. 1, 1996 SERTS ACTIVE AND QUIET-SUN EUV SPECTRA 157 observations obtained during the 1989 SERTS flight and found density values that differed from each other by 1 order of magnitude. In addition, Brickhouse, Raymond, & Smith (1995) and Monsignori-Fossi & Landini (1995b) found somewhat larger differences when even more ratios from the 1989 observations were considered. We conclude that such density differences derived from line intensity ratios are characteristic of the current state of the art. We recommend that the SOHO spectrometers collect as many density diagnostic ratios as possible during any given observation. This will ensure the capability of density diagnostic cross-checking and will reduce the possibility of an interpretation that is biased by any individual ratio that may be subject to significant systematic errors from the theoretical calculations or from instrumental calibration uncertainties.
It is interesting to note that the 1993 active region and quiet-Sun densities derived from Fe xi (log T = 6.1) are nearly equal (log n e ~ 9.3). Feldman et al. (1978bj, using S x (log T = 6.1) forbidden hue intensities measured in off-limb spectra recorded by the NRL Skylab spectrograph, also found equal active region and quiet-Sun densities (log n e = 9.0). For comparison, Feldman, Doschek, & Widing (1978a) obtained log n e <; 10.1 from ratios of Fe rx (log T = 5.8) lines observed in plage regions with the NRL spectrohehograph on Skylab.
Filling Factors
Filling factors were derived by combining measurements of the line intensities, calculations of the plasma densities, and the theoretical emissivities of Appendix A. The intensity of an emission line can be written (7) where P is the power emitted per unit volume, dl is the path along which the emission originates, and / is the filling factor, i.e., the fraction of the observed volume from which the observed radiation actually emanates. Assuming for simplicity that the density and temperature are known and constant over the emitting region of dimension A/, equation where we have made the usual assumption that n H = 0.8n e . Table 8 lists the filling factors derived from the five iron ions for which density-sensitive ratios are available. We have assumed that T = T max , and we have interpolated the line emissivity corresponding to the derived density for each case. Further, we have used A/ = 1 x 10 9 cm. The numbers in braces following the filling factor entries for Fe xm give the multiplicative uncertainties associated with the range of measured density values. Note that the derived filhng factors are less than or comparable to unity in each case. Although this is consistent with reasonable expectations, it is difficult to assess the uncertainties associated with these values, as we have no independent means of estimating AZ. Nevertheless, since the filling factors themselves show more scatter than the density measurements from which they are derived, we conclude that our assumption of a constant value for AZ is an oversimplification.
4.4. Temperature Diagnostics Temperatures were derived for the observed solar features from ratios of emission lines that originate in different ionization stages of iron. This was done by obtaining polynomial fits to the logarithm of the temperature T as a function of the logarithm of the emissivity ratio R for selected line pairs, under the assumption of an isothermal or nearly isothermal plasma: log T = a 0 + a^log R) + a 2 (log R) 2 + a 3 (log R) 3 . (10) We used again the emissivity values given in Appendix A (see Monsignori-Fossi & Landini 1994b , 1995b , which incorporate the ionization equilibrium calculations of Amaud & Raymond (1992) . Significant departures from ionization balance are not expected for the relatively quiescent regions analyzed in this paper. Two functions were obtained for each line pair, one assuming a density of 10 9 cm -3 , and one assuming 10 10 cm -3 . The coefficients a 0 , a i9 a 2 , a 3 are fisted for each function in Tables 9 and 10 . The difference between the temperatures calculated from these two functions for a given line pair provides the estimate of the temperature uncertainty associated with plasma density uncertainties. Table 11 lists temperature values derived from 17 different iron ion ratios. These values are the averages of their respective values calculated for densities of 10 9 and 10 10 cm -3 . The error bars, which include contributions due to uncertainties in both plasma density and fine intensities, bracket the temperatures calculated for densities of both 10 9 and 10 10 cm -3 . Uncertainties in the derived temperatures due to uncertainties in the polynomial fits are negligible (more than an order of magnitude smaller than the uncertainties listed in Table 11 ). For reference, we give the temperature logarithms for which each ionization stage of iron has its respective maximum emissivity: x (6.0), xi (6.1), xn (6.1), xm (6.2), xrv (6.3), xv (6.3), xvi (6.4), xvn (6.7).
The mere presence of Fe xvn emission in the active region spectra, and its absence from the quiet-Sun spectra, indicates that there is hotter plasma in the active regions than in the quiet-Sun areas. Indeed, for ratios that include fines from among Fe xrv, xv, and xvi, the active region temperatures are statistically significantly greater than their quiet-Sun counterparts. However, the derived active region and quiet-Sun temperatures are not significantly different statistically (judging from the uncertainties) when the ratios are restricted to fines from Fe x through Fe xm. This latter similarity in derived temperatures among the active regions, quiet-Sun areas, and off-limb areas indicates the presence of similar thermal structures in all these features. Brosius et al. (1994) found, for a limited segment of the 1991 active region slit using emission lines from only Fe xm-xvi, that temperatures derived from emission lines originating in nonadjacent stages of ionization yielded consistent values. A similar consistency among temperatures derived from such ratios is also found in this work (e.g., Fe xvi/Fe xrv, Fe xvi/ Fe xm, and Fe xv/Fe xm), although slightly lower temperatures are obtained here than in the previous work. Because temperatures derived in the present study are obtained from more accurate fine emissivity calculations, as well as from less noisy averaged spectra (rather than from individual pixel spectra), they are more reliable than the values obtained in the earlier work. It is evident from Table  11 that there is an overall decrease in derived temperature for ratios involving increasingly lower stages of ionization. This clearly indicates the presence of multithermal structures in each observed solar feature and suggests the need for a differental emission measure analysis in order to quantify the temperature distribution of emitting plasma.
4.5. Differential Emission Measure Analysis Since each solar feature observed by SERTS manifests variety in its plasma density and temperature, it is useful to know the temperature distribution of emitting material within each feature. Such information is obtained from a differential emission measure (DEM) analysis. Treatment of the DEM has undergone substantial evolution since the initial treatment of the emission measure by Pottasch (1963 ; see also Withbroe 1975 , Chapman 1981 , Harrison & McWhirter 1991 . The DEM of a given solar feature can be empirically derived as a function of the temperature/(T) by combining measured spectral fine intensities with their corresponding emissivities per unit emission measure (generally known as the contribution functions). The numerical procedure used to evaluate the DEM in this work was developed in preparation for the SOHO mission (Monsignori-Fossi & Landini 1991 , 1995b and has been applied to analyses of active stars observed by the Extreme Ultraviolet Explorer (EUVE) (Landini & Monsignori-Fossi 1993; Monsignori-Fossi & Landini 1994a; MonsignoriFossi et at 1995a MonsignoriFossi et at , 1995b . The method consists of an iterative procedure in which f(T) is described by a cubic spline function through a small number of n mesh points [/(7]), i = 1,..., n], and the/(7]) values are varied until the best fit with the observations is obtained. This method assures only positive solutions and allows control of the smoothness of the solution through the number of mesh points. In order to obtain the best f(T) distribution, it is important to select spectral lines that are relatively density insensitive and which cover a wide range in temperature. Large indétermi-nations may occur in temperature intervals in which poor constraints are given by the available observations.
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Results of the DEM analysis for the active and quiet regions observed by SERTS in 1991 and 1993 are shown in Figures 8 and 9 . All the curves were derived by fitting available lines of Fe, Ne, Mg, Si, and Ni, assuming the elemental abundances of Feldman et al. (1992) . The low-temperature end of each DEM distribution was constrained by upper limits and/or relatively uncertain measurements of intensities of emission fines of O m, C rv, and Mg v. For the 1991 active region DEM, one Ca xvm emission fine was also used to help constrain the distribution at the hightemperature end. Different symbols are used for the different elements in each figure. The x-coordinate of each symbol indicates the location of the temperature at which the product of the DEM and contribution function is maximized; this is the temperature of the maximum contribution to the fine emission. The y-coordinate is the product of the DEM and the ratio of the observed to the predicted intensities. The error bars on each symbol represent the uncertainties attributed to intensity measurements only.
Note that both of the quiet-Sun DEM curves and the 1993 active region DEM curve all exhibit peaks between log T = 6.1 and 6.2. This suggests the presence of similar thermal structures in all three of these regions, as was deduced from the fine ratio temperature measurements. In addition to the 46 low-temperature " peak, region 7563 also exhibits a secondary, 44 high-temperature " peak between log T = 6.6 and 6.7. Region 6615, however, exhibits only the high-temperature peak, between log T = 6.5 and 6.6. Thus the 7563 DEM curve appears, in some sense, to be a composite of the quiet-Sun and the AR 6615 DEM curves. Active region 6615 contains a proportionately greater amount of hot material than does the region observed in 1993. This may explain why none of the fine ratios yield greater temperatures in region 7563 than in region 6615, and why a number of the fine ratio temperatures yield statistically significantly greater values for region 6615 than for region 7563. The difference in DEM structure for the two active regions is possibly a manifestation of the flaring activity that occurred in region 6615 during the 1991 SERTS flight, or perhaps simply a result of more elevated levels of activity in that region than in 7563. For example, the photospheric longitudinal magnetic fields measured with the NASA/NSO Spectromagnetograph at Kitt Peak (Jones et al. 1992) indicate that the maximum magnetic field strength in the 1991 active region is a factor of 4 greater than that in the 1993 active region, and that the average of the absolute value of the field strength in the 1991 active region is a factor of 10 greater than that in the 1993 active region.
CONCLUSIONS
We obtained spectra of solar active regions, quiet-Sun areas, and off-limb areas from two flights of the SERTS instrument. The 1991 flight was the first time a multilayercoated diffraction grating was ever used to obtain solar EUV spectra. Values of numerous density-and temperature-insensitive fine intensity ratios agree with their corresponding theoretical values.
Derived densities are typically greater in the active regions than in the quiet-Sun areas, although in a few cases the differences are not statistically significant. From the numerous density-sensitive ratios available for Fe xm, we derived active region density logarithms of 9.66 ± 0.49 and 9.60 ± 0.54 for the 1993 and 1991 flights, respectively, and a quiet-Sun density of 9.03 ± 0.28 for the 1993 flight. Because the order-of-magnitude variations in these density logarithms appear to characterize the current state of the art, it is recommended that the spectrometers aboard SOHO acquire as many diagnostic ratios as possible for purposes of cross-checking, and to rule out overrefiance on any individual ratio. Assuming T = T max and adopting a path length of 1 x 10 9 cm, we derived volume filling factors from the measured fine intensities, the derived densities, and the theoretical fine emissivities. For the Fe xm density logarithms quoted above, the resulting 1993 active region, 1991 active region, and 1993 quiet-Sun volume filling factors are, respectively, 0.15 (to within a factor of 6), 0.052 (7), and 0.36 (2.8). Since the filling factors show greater variations than the density measurements from which they are derived, we conclude that the assumption of a constant path length A/ is an oversimplification.
Intensity ratios of emission lines from different stages of ionization if iron were used to calculate temperatures. A mimimum temperature of about 1 x 10 6 K was obtained for all the features observed. Because Fe xvn emission is present in the active region spectra but absent in the quietSun spectra, the maximum derived active region temperature (5.2 x 10 6 K) exceeds the maximum quiet-Sun value (2.1 x 10 6 K). For all the features observed, the derived temperature decreases with diminishing ionization stages. This indicates the presence of multithermal structures in all the features observed. For each individual ratio which involved only Fe x through Fe xm, consistent temperature values were derived for each feature observed. When Fe xrv through Fe xvi were included, the active region temperatures were statistically significantly greater than their quiet-Sun counterparts.
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